A histopathological study is reported of the autopsy findings in two strains of rats treated with N-methyl-N-nitrosourea (MNU). The induced mammary tumours were histologically indistinguishable from those produced by dimethylbenz(a)anthracene (DMBA). A number of other primary tumours were found and there was no evidence of metastases.
Introduction
The lack of any significant improvement in the prognosis of patients with breast cancer reflects our ignorance of the pathophysiology of this condition. For ethical and logistic reasons the majority of experimental data on breast cancer has come from animal model systems, of which the induction of rat mammary tumours by the polycyclic hydrocarbons 3methyl-cholanthrene (MCA) (Shay et al. 1949) and 7, 12-dimethylbenz(a)anthracene (DMBA) (Huggins et al. 1961) are the best documented examples. The relevance of data obtained from such systems to the human disease has been open to criticism, particularly as the majority of the tumours by standard human histopathological criteria are benign. This is reflected by their low rate of spontaneous metastasis. The present study was carried out to examine the potential usefulness of N-methyl-N-nitrosourea (MNU) as a carcinogenic agent. This drug has been reported previously to induce primary rat mammary tumours histologically similar to human breast tumours and which spontaneously metastasized to bone, spleen and lungs (Gullino et al. 1975) . The histopathological findings of this study are reported.
Methods

Animal husbandry
Females of two inbred strains of rat were used: F344/N (Bantin and Kingman Ltd, Hull, UK) and WF/Icrf (Imperial Cancer Research Fund, London, UK). The F344/N rats were housed at 19-21°C with a minimum of8 hours light/day and fed Expanded Lab Diet I (Spratts Patent Ltd, Barking, UK) and water ad libitum. The WF/Icrfrats were kept at the same temperature with 12 hours light/day and fed GR3EK pelleted diet (Dixons Ltd, Ware, UK) and water ad libitum.
Administration of MNU and DMBA Twenty F344/N rats were given 3 intravenous Injections into the tail vein (0.5 ml/rat == 5 mg/tOO g) of MNU (Cambrian Chemicals, Croydon, UK) dissolved in distilled water/acetic acid at pH 5 on days 0, 31 and 83. The WF/Icrf rats were divided into three groups with different dosage regimens. In these animals the MNU (Sigma Chemical Co, London, UK) was dissolved in Hanks BSS pH 6.3 and given by intravenous injection (5 mg/100 g) into the tail vein. Group A (23 rats) received 3 injections on days, 0, 14 and 35; Group B (27 rats) received 2 injections on days 0 and 14; Group C (37 rats) received a single injection on day O. All animals were between 50 and 55 days old at the commencement of the experiment (day 0).
For histopathological comparison a separate group ofWF/Icrfrats (50 days old) received a single intragastric dose of2 ml ofDMBA in Mazola corn oil (20 mg/IOO g rat) (Huggins et al. 1961 ).
-.
Tissue processing
Animals were killed and autopsied 130-290 days after the first injection. All organs were examined macroscopically and any abnormal tissues were removed. Histological examination of all primary tumours, lungs, spleen, liver, adrenals, kidney, brain, part of the vertebral column from the lumbar region and one femur was routinely carried out. All specimens were fixed in Bouin's solution and transferred after 10 hours to 70% alcohol. The bones were decalcified in 10% formic acid. All material was paraffin embedded and 3-4 urn sections were cut and stained with haematoxylin and eosin. All primary tumours were classified using the WHO nomenclature (Turusov 1973) .
Results
Macroscopic findings
Tumours were found on autopsy in a number of sites in all groups of rats given MNU. Most tumours arose in the nipple regions. They were solid and well circumscribed, receiving a good blood supply from collateral vessels in the subcutaneous fat. There were also a number of solitary tumours in the periurethral region which contained central cores ofa caseous material subsequently shown on histological examination to be keratin. Other tumours arising in the region of the external auditory meatus and in the subcutaneous tissues overlying the maxilla were directly infiltrating bone. The lungs of all animals showed small subpleural and parenchymatous focal lesions up to 0.2 em in diameter which macroscopically were consistent with either pneumonic changes or metastases from a primary tumour. In one animal there was a tumour in the large bowel and two animals had tumours arising in a uterine cornu. The spleens of the tumour-bearing animals were in general enlarged, but there were no focal lesions nor any accentuation of normal architectural features. In particular, the white and red pulp was clearly demonstrated with no accentuation of Malpighian follicles. There was no evidence of involvement of regional lymph nodes or of deposits in the other organs examined.
.
Microscopic findings
The incidence of histologically proven mammary tumours induced by MNU was similar in both WF /Icrf and in F334/N rats with a range of 78-100%; reducing the dose of MNU increased the mean lag period before tumours appeared but did not affect the incidence.
Mammary tumours: The mammary tumours induced by MNU were all classifiable as adenocarcinomas with the exception of two fibroadenomas found in the Group A Wistar rats. All adenocarcinomas examined, from both strains of animals, showed similar histological features and were microscopically indistinguishable from those induced with per os DMBA. The tumours were all well encapsulated with stromal septae extending into the tumours to divide them up into well defined lobules (Figure 1 ). Within the stroma there were numerous capillaries and a mixed mononuclear cell infiltrate with prominent mast cells (Figure 2) , the granules of which were seen in some regions to be dispersed diffusely in the extracellular spaces. The epithelial component of the tumours was organized into acinar structures, but the growth pattern was very variable from one region to another in the same tumour, with areas of typical well-differentiated adenocarcinoma merging into areas with a papillary, cribriform or comedo pattern. All rat mammary carcinomata patterns were seen (Turusov 1973 ) with the exception of anaplastic carcinoma. In two cases, in which there were areas of stromal infiltration, the cells were more pleomorphic, but still recognizable as adenocarcinomatous. In none of the tumours examined was there any evidence of capsular invasion, although due to expansion of the tumour the incorporation of muscle into the tumour produced a pseudoinfiltrative appearance. It was not possible to identify myoepithelial elements using haematoxylin and eosin staining. In the more solid areas of the tumours where the single layer of low cuboidal or columnar lining cells (Figure 2) were replaced by multiple layers of cells, the cytological appearances of the cells adjacent to the stroma were indistinguishable from the epithelial lining cells, not justifying the term myoepithelial. In some regions there were spindle-shaped cells lying adjacent to the glandular elements ( Figure 2 ) that could not be positively identified using standard histological techniques. The possibility of a myoepithelial component in these regions could not be excluded.
In all of the tumours there was a consistent uniformity to the cytological details of the epithelial cells. The cells had a high nuclear to cytoplasmic ratio with numerous mitoses. The nuclei were open and vesicular with prominent nucleoli. The absence of pleomorphism and of abnormal mitotic figures, and the well differentiated acinar structures formed gave an overall histological appearance of a benign lesion, the variations in pattern (i.e. papillary, cribriform, comedo) being produced by focal necrosis and pools of secreted material in different parts of the tumours.
Other tumours: Other tumours induced by MNU were three primary neuroectodermal tumours in the cerebral hemispheres, a poorly differentiated adenocarcinoma of the colon, two moderately differentiated adenocarcinomas of the uterus, and ten squamous carcinomas arising in the periurethral regions and from the external auditory meatus. These infiltrating squamous carcinomas were well differentiated with areas of both squamous and sebaceous differentiation. Three animals had diffuse infiltration of liver, spleen and marrow by malignant lymphoid cells, but the designation into a lymphomatous or leukaemic category was not possible in the absence of other haematological indices.
The lungs showed focal and diffuse pneumonitis and associated peribronchial lymphoid hyperplasia. Primary adenocarcinomas of the lung were found in two of the animals but there was no evidence of metastases. Sections of the spleen and bone marrow showed extensive haemopoiesis, but no evidence of metastatic disease. All other tissues examined, including the regional lymph nodes, showed no abnormality.
Discussion
The MNU-and DMBA-induced mammary tumours were indistinguishable histopathologically and, in view of the lack of local invasion and metastasis demonstrated in this study, the MNU model offers no advantage in these respects over other well-documented systems. This search for a good rodent model of human breast cancer has, however, highlighted areas of difficulty in establishing appropriate animal systems. Firstly, many lesions which macroscopically have the appearance of metastases may be of an inflammatory or reactive nature. Where carcinogens are being used, the appearance of primary tumours in more than one site should not be surprising. The identification of lesions as metastatic must therefore be confirmed by the application of stringent histopathological criteria. Secondly, rat mammary tumours have been classified by a number of workers using widely varied nomenclature systems and it has been very difficult in the past to correlate data from different centres. The World Health Organization system encompasses the patterns most commonly encountered. In some respects, however, it is inadequate. The separation into sub-groups on the basis of growth pattern is artificial, as demonstrated in this study where a variety of patterns can be found within the same tumour. The lack of true invasion and the absence of metastases makes the suffix 'carcinomas' inappropriate if used in the context of human pathological criteria.
Most carcinogen-induced rodent mammary tumours are morphologically benign. However, by subsequent passaging in syngeneic animals or by growth in tissue culture their potential malignant nature, as demonstrated by their ability to locally infiltrate and to metastasize, can be demonstrated. Such tumour lines can be selected (Kim 1979) and may form a more appropriate model for studies of breast tumour metastasis.
A small number of human mammary tumours have been established as serially transplantable xenografts in athymic nude or immune-suppressed mice (Bailey et al. 1980) . While not showing spontaneous metastasis, these lines retain some of the histopathological features of the original tumour and therefore provide a valuable source of material for histopathological, immunocytochemical and electron microscopic analyses.
The rodent systems are still answering many fundamental questions in the biology of the mammary gland (Rudland et al. 1980 ) and when used in conjunction with the human xenografts may eventually provide new models with increasing direct applicability to the human disease.
